Theory of planned behaviour Diabetes management Predicting diabetes behaviour Purpose. To systematically review the Theory of Planned Behaviour studies predicting self-care intentions and behaviours in populations with and at-risk of diabetes.
Introduction
Type 2 diabetes (T2D) is a major public health challenge with increasing prevalence coinciding with changes in environment and lifestyle behaviours (International Diabetes Federation, 2011) . Pre-diabetes is a high-risk state for type 2 diabetes. At least, 5-10% of people at risk will progress to diabetes every year (American Diabetes Association, 2013; Tabák et al., 2012) . Therefore, assisting people with type 2 diabetes (T2D), pre-diabetes or who are at-risk through lifestyle modification is becoming an increasingly urgent public health agenda (Tabák et al., 2012) .
Self-management is the cornerstone to prevention and management of diabetes and requires adoption of healthy lifestyle behaviours (International Diabetes Federation, 2011) . It involves the skilful integration of self-care behaviours such as healthy diet, regular exercise, optimum weight control, self-monitoring of blood glucose and medication adjustment into daily routines over long periods (Funnell and Anderson, 2008; NHMRC, 2001) . Self-care behaviours are influenced by a number of factors often based on day-to-day decisions that accumulate to form patterns, habits and eventually a lifestyle (American Association of Diabetes Educators, 2009; Wagner, 2011) . Evidence suggests that adopting a healthier lifestyle and behaviour modification through education and self-care strategies are effective in managing and preventing long term diabetes complications (Lindström et al., 2006) . Despite efforts to reduce the burden of type 2 diabetes, self-management through healthier lifestyle behaviours continue to pose a significant challenge for people with diabetes (Nam et al., 2011) .
It is increasingly recognized that the development of effective interventions requires an understanding of the behaviours to be modified for a specific population in a given context (Glanz and Bishop, 2010) . Examining determinants which influence self-care behaviours is important for identifying modifiable predictors to explain behaviour change (Fishbein and Ajzen, 2009 ). In particular, predicting intentions and self-care behaviours to develop models for diabetes self-management interventions are most effective when based on health behaviour theories (Glanz and Bishop, 2010; Godin and Kok, 1996; Michie et al., 2008) .
For several decades, researchers have used health behaviour theories in gaining a better understanding of the cognitive mechanisms underlying adoption of health-related behaviours. Amongst these theories, Ajzen's Theory of Planned Behaviour (TPB) is one of the most widely tested health behaviour models. The Theory of Planned Behaviour states that intentions are the most important determinant of people's behaviour. Intentions (I) are determined by attitudes (A), subjective norms (SN) and perceived behavioural control (PBC). Attitudes represent an individual's overall positive or negative evaluation of performing the behaviour. Subjective norms reflect the perceived approval or disapproval from significant others (or referents) for behavioural performance. Perceived behavioural control (PBC) explains the perceived extent to which a behaviour is under the person's control and influences both intentions and behaviours ( Fig. 1) (Ajzen, 2011a; Fishbein and Ajzen, 2011) .
In addition, the TPB model identifies specific beliefs (behavioural, normative and control beliefs) referred to as indirect predictors. According to the theory, these beliefs formed by background and demographic factors such as age, education, income, personality traits, past behaviours, social and cultural factors, indirectly influence the TPB determinants and vary across behaviours and different populations (Ajzen, 2011a) . Differences in cultural values, social and environmental influences may reflect belief structures of any given population and behaviour (Glanz et al., 2008) . A behaviour that is attitudinally driven in one population or culture may be normatively driven in another. Therefore, changing behaviour requires changing underlying salient beliefs (Fishbein and Ajzen, 2011) .
To understand why a person holds a given intention and/or engages with behaviour, it is important to first determine the degree to which intentions (or behaviour) are under attitudinal, normative or perceived control. Whilst there have been much support for the predictive efficacy of the TPB across a broad range of health-related behaviours (Armitage and Conner, 2001; Godin and Kok, 1996; Hagger et al., 2002; McEachan et al., 2011) , empirical literature investigating explanatory models to predict intentions and behaviour specifically amongst individuals diagnosed with pre-diabetes and diabetes is limited.
Aim and objectives
The primary aim of this systematic review was to investigate the utility of the TPB to explain intentions and behaviours in populations with pre-diabetes and type 2 diabetes (T2D). The objectives were to: (1) identify studies that used the TPB in pre-diabetes (at-risk) and type 2 diabetes populations and (2) explain percentage variance in intention and behaviour for diabetes self-care behaviours including but not limited to healthy eating, physical activity, glucose monitoring, and diabetes-self-care.
Methods

Information sources and search strategy
A standardised protocol was developed and followed for all steps in the review (Fig. 2) . A systematic search, with no date restrictions, was undertaken in relevant databases, of any behavioural studies using the TPB relevant to diabetes and pre-diabetes. Self-management was broadly defined as behaviours in pre-diabetes or at-risk and type 2 diabetes populations which included diet or healthy eating, physical activity, taking medication and self-monitoring of blood glucose.
Key databases searched included CINAHL, PsycARTICLES, MEDLINE, EMBASE, PsychINFO, PubMed, and ISI Web of Science electronic databases were from start to 2014. Search terms were divided into three groups (i) diabetes (e.g diab* OR type 2 diabetes) (ii) theory (e.g. Theory of Planned Behaviour OR TPB) and (iii) behaviour (e.g. physical activit* OR exercise*). The behaviour search terms also included a number of dietary, exercise, medication, glucose monitoring terms.
Group 1: ALL Text (TX) and MESH terms: 'diabetes' OR 'Pre-diabetes'
OR 'at-risk diabetes' OR 'type 2 diabetes' OR 'type 2 diab*' OR 'T2DM' OR 'metabolic syndrome' OR 'diabetic' OR 'blood glucose' OR 'blood sugar' OR 'HbA1c' OR ('glyce*' 'OR glycem*' 'glycaem*') OR 'pre-diabetes' OR 'prediab*' OR 'at-risk of diab*' OR ('diabetes manag*' OR 'diabetes self-manag*' OR 'diabetes self-care'). Group 2: ALL Text (TX) and MESH terms: theory of planned behaviour OR theory of planned behav* OR TPB OR Theory of Reasoned Action' or 'TRA' OR social cognitive theories OR SCT. Group 3: Mesh terms: (MH 'healthy eat*' or 'diet*)' AND (physical activit* or 'exercise*') AND (glucose monitor*) AND (medication adhere* or 'medication*' or 'taking medica*' or 'diabetes tablets' or 'diabetes medication' or 'insulin*' or insulin inject* or non-insulin injection).
Searching
To ensure all studies were included at least one term from each group, the Boolean phrase 'AND' was used between groups and the phrase 'OR' was used within groups. Where possible, the following limits were applied: 'peer-reviewed', 'English', 'human', 'article or review'. Unpublished studies and non-English studies were not considered for this review. For an example of the full electronic search strategy, see Appendix: A1.
The first step was used to identify articles related to the target population. The ALL Text (TX) and MESH terms were used to identify target populations with diabetes or pre-diabetes or at-risk of diabetes. The next step was used to identify studies the applied the specified theory using free-text searches 'Theory of Planned Behaviour' or TPB or 'Theory of Reasoned Action' or TRA or 'Social Cognitive Theories'. A broad range of terms were incorporated in step three to identify specific diabetes related behaviours in target populations The final step (step 4) was used to identify relevant articles. Table 1 outlines the number of articles retrieved from the databases searches.
Study selection criteria
Studies which tested the TPB to predict behaviours in type 2 diabetes or pre-diabetes (or at-risk) populations were included in this review. Both experimental and epidemiological study designs including randomised controlled trials (RCT), prospective and cross-sectional studies were considered for this review. Studies were included if they were (i) published in English; (ii) reported TPB variables (attitude, subjective norm, perceived control, intention and behaviour); (iii) explicitly tested the TPB variables in target populations with diabetes or prediabetes or (at-risk); and (iv) studies not reporting behaviour outcomes but included the TPB variables.
Exclusion criteria were as follows: (1) not a primary study (i.e. reviews including systematic or meta-analyses, study protocol or letter); (2) participants did not meet the inclusion criteria or reported multiple chronic illness without specified diabetes sub-population; (3) duplicate publications or sub-studies of included research; (4) studies where full text were not available; (5) studies or interventions where the TPB predictive variables/outcomes not reported; (6) development of TPB scales that did not report predicted TPB outcomes; (7) qualitative researcheliciting TPB beliefs; and (8) did not measure behaviour or intention as a study outcome. Conferences abstracts, dissertations and nonpeered published articles were not included.
Study selection
Studies were assessed for eligibility by reviewing the title and abstracts of each record for relevance to the review objective. Studies were eliminated if articles were reviews or meta-analyses, not based on relevant tested theory and population. Duplicate publications across searches were also removed. Following this process, full copies of studies were retrieved and further assessed for eligibility. The reference lists of retrieved studies in the search were also cross-referenced for additional articles.
Methods for data extraction and assessing data quality
Specific study characteristics were identified and extracted by the lead author using a standardised form. These characteristics included the (1) study population (T2D, pre-diabetes or at-risk), (2) theory tested, (3) method of assessment (4) TPB constructs assessed (5) association path co-efficient and variance (%) explained. Key characteristics of the identified studies were also extracted including: the country where the study was conducted, year of publication, size of study population and study design. A second author checked all decisions and any differences were resolved by a third author, if necessary.
Assessment of individual studies
The criteria for assessing study quality/ risk of bias was adapted from recommendations outlined in the STROBE statement (von Elm et al., 2007) ; the Consolidated Standards of Reporting Trials (CONSORT) statement (Moher et al., 2010 ) and reviews with similar methods (Plotnikoff et al., 2013a; Young et al., 2014 TPB studies excluded based on study quality (scored 0) (n=2) participants randomly selected and; was the process of randomisation described? (3) Did the TPB measures have acceptable reliability (a score was assigned if the study reported both internal consistency (Cronbach's alpha N0.60) and test-retest reliability ICC N 0.7 or Pearson's correlation N 0.8)? (4) Did the study report the sources and details regarding reliability of the behaviour assessment? and (5) Did the study report a power calculation and was it specifically stated as being adequately powered? Each of these criteria was assigned a value '0' (absent or inadequately described) or '1' (explicitly described and present). Studies that scored 0-2 were regarded as having a high risk of bias, studies that scored 3-4 were classified as having moderate risk of bias and those that scored 5 or classified as low risk of bias studies (see Appendix: Table A1 ).
Synthesis
Whilst meta-analysis was considered, a narrative analysis of the results was chosen because of high heterogeneity of the included studies in this review (Grade Working Group, 2004) . The review included two sub-populations (pre-diabetes and T2D); different behaviours examined; study designs varied across the studies (cross-sectional, prospective, RCT); sample sizes varied between studies; heterogeneity of study methods and measures; and primary outcome or measures for some studies were not reported.
Results
Literature search
The literature search yielded a total of 225 potentially relevant articles; 100 abstracts and full text articles were retrieved after screening for relevance (Fig. 2) . Seventy articles were deemed ineligible and removed as they were reviews or meta-analyses or were studies that did not mention TPB. Full articles of the remaining 43 papers were examined in detail that met the inclusion criteria. A further 21 articles were excluded for reasons indicated in Fig. 2 . A total of 22 studies met the inclusion criteria. Eighteen studies tested the TPB model (Blue, 2007; Godin, 2009, 2014; Chapman et al., 1995; Costa et al., 2012; Davies, 2008; Davies et al., 2010) (Didarloo et al., 2012; Gatt and Sammut, 2008; Gucciardi et al., 2007; Hardeman et al., 2011b; Lakerveld et al., 2011; Plotnikoff et al., 2008 Plotnikoff et al., , 2010b Plotnikoff et al., , 2014a White et al., 2007 White et al., , 2010 . Two studies were further excluded for low methodological quality (scored 0) (Davies, 2008; White et al., 2007) . Four interventions studies were also excluded because the TPB predictive measures were not reported (Boudreau et al., 2011; Jennings et al., 2014; Plotnikoff et al., 2013b; White et al., 2012) (Table 1) . A final number of 16 TPB studies were included in the review. Table 2 outlines the characteristics of the sample, the TPB variables, measure outcomes, results and study quality. This review identified seven cross-sectional studies; six prospective and three randomised control trials (RCT). The reported behaviours included healthy eating (HE) or dietary (n = 3); physical activity (PA) (n = 8), combined healthy eating and physical activity (n = 2), self-monitoring of blood glucose (SMBG) and diabetes self-care (n = 2).
Study characteristics
Most studies included populations with T2D and three included at-risk populations (Blue, 2007; Hardeman et al., 2011b; Lakerveld et al., 2011) . One study examined elderly male (Lakerveld et al., 2011) and two studies had female populations (Didarloo et al., 2012; Plotnikoff et al., 2014a) . Three studies did not measure behavioural outcomes (Blue, 2007; Boudreau and Godin, 2009; Lakerveld et al., 2011) .
A majority of studies recruited participants from health or diabetes clinics and community health centres (Chapman et al., 1995; Didarloo et al., 2012; Gatt and Sammut, 2008; White et al., 2010) ; whilst others used recruitment strategies including posters, flyers, public advertisements, mailing lists, referrals from health professionals (Blue, 2007; Costa et al., 2012) , diabetes registers (Gatt and Sammut, 2008; Hardeman et al., 2011b ) and a health insurance database (Boudreau and Godin, 2009) . One study recruited participants from an existing randomised clinical trial (Lakerveld et al., 2011) .
Randomised control trials
Three RCTs included in this review originated from Canada (Boudreau and Godin, 2014; Gucciardi et al., 2007; Plotnikoff et al., 2014a) . Two studies examined PA behaviour (Boudreau and Godin, 2014; Plotnikoff et al., 2014a) whereas one looked at nutrition adherence and dietary management (Gucciardi et al., 2007) .
Two studies looked at adult populations with T2D and included both genders (Boudreau and Godin, 2014; Gucciardi et al., 2007) . One study included women with T2D (n = 93) (Plotnikoff et al., 2014a) . Two studies did not provide sufficient information about recruitment strategies (Boudreau and Godin, 2014; Plotnikoff et al., 2014a) , though related papers provided more detail. One study recruited participants through a hospital diabetes education centre (Gucciardi et al., 2007) .
The design of the interventions was either randomised control trials (Gucciardi et al., 2007; Plotnikoff et al., 2014a) or pre-post experimental (Boudreau and Godin, 2014) . All the RCT studies provided information of the intervention and the control groups. The sample sizes of studies ranged from 61 (Gucciardi et al., 2007) to 365 (Boudreau and Godin, 2014) . The samples varied across the studies for intervention (ranging from 36 to 166) and control groups (ranging from 25 to 159). The length of study for interventions also varied (3 to 12 months) with follow-ups from 1, 3, 6 and 12 months. Self-reported measures and validated TPB questionnaires were used in all the studies; one RCT included objective measures of PA (Plotnikoff et al., 2014a) . 
Hierarchical regression
Step 1: Past behaviour (β = 0.43**) Variance explained: 18%
Step 2 A (β = 0.22**) PBC (β = 0.21**) Variance explained: 50% (added 32%)
Step 3 Prospective studies Of the six prospective studies, three originated from Canada (Plotnikoff et al., 2008 (Plotnikoff et al., , 2010b (Plotnikoff et al., , 2011 (Plotnikoff et al., , 2014b , two from Australia (Davies et al., 2010; White et al., 2010) and one from the United Kingdom (Hardeman et al., 2011b) . Whilst five studies were on PA behaviours (Davies et al., 2010; Hardeman et al., 2011b; Plotnikoff et al., 2008 Plotnikoff et al., , 2010b Plotnikoff et al., , 2014b , one study examined dietary behaviour (White et al., 2010) in adult populations with T2D. One study included adults at-risk of diabetes (n = 365, 62% female) (Hardeman et al., 2011b) . Participants in these studies were randomly selected through a diabetes registry (Davies et al., 2010; Hardeman et al., 2011b; Plotnikoff et al., 2008 Plotnikoff et al., , 2010b .
The age and gender composition for the studies varied n = 74, 57% women (Davies et al., 2010) , n = 365, 62% women (Hardeman et al., 2011b) , n = 244, 45.9% women (Plotnikoff et al., 2008) , n = 1614, 49% women (Plotnikoff et al., 2010b) , n = 287, 46.2% women (Plotnikoff et al., 2014b) , n = 184, 58% women (White et al., 2010) . The follow-up period varied from 2 weeks (Davies et al., 2010) to 18 months (Plotnikoff et al., 2014b) .
Two studies objectively measured PA, one by counting steps over the three consecutive days using a Yamaz Digiwalker pedometer (Hardeman et al., 2011b; Plotnikoff et al., 2010b) , and the other by monitoring energy expenditure and heart rate for three days. All the studies included validated psychometric instruments to measure intention and behavioural outcomes.
Cross-sectional studies
Seven cross-sectional studies were included in the review. These studies were from different locations with two from Canada (Blue, 2007; Chapman et al., 1995) ; one from the United States (Chapman et al., 1995) ; one from Portugal (Costa et al., 2012) and one from Malta (Gatt and Sammut, 2008) . One study originated from the Netherlands (Lakerveld et al., 2011) and one from Iran (Didarloo et al., 2012) .
One study assessed PA intentions (Boudreau and Godin, 2009) . Two studies measured dietary behaviours (Chapman et al., 1995; Lakerveld et al., 2011) and one study examined combined PA and HE (Blue, 2007) . One study examined SMBG (Costa et al., 2012) and examined diabetes self-care (Didarloo et al., 2012; Gatt and Sammut, 2008) .
Four cross-sectional studies included adults with T2D, sample size ranging from 179 (Costa et al., 2012) to 501 (Boudreau and Godin, 2009) . A study with elderly male adults (n = 48) (Chapman et al., 1995) and another focussed on adult females with T2D (n = 352) (Didarloo et al., 2012) were also included. Two studies included adults at risk of diabetes n = 106, 68.8% women, (Blue, 2007) , n = 622, 58% women (Lakerveld et al., 2011) .
Intentions were reported by three studies (Blue, 2007; Boudreau and Godin, 2009; Lakerveld et al., 2011) whilst four studies also reported behaviour (Chapman et al., 1995; Costa et al., 2012; Didarloo et al., 2012; Gatt and Sammut, 2008) . All studies included self-reported measures.
Quality assessment of studies
The quality assessment of the studies is presented in Appendix  Table A1 . The majority of the included studies in this review had a moderate (n = 6) to high (n = 9) risk of bias. Only one study scored a five (Hardeman et al., 2011b ) (low risk of bias). Reporting of eligibility criteria was evident in 11 of the 16 studies. Inadequate reporting of randomisation methods and power calculations were common issues identified by assessing risk of bias. For example, only six studies reported randomisation procedures (Chapman et al., 1995; Gucciardi et al., 2007; Hardeman et al., 2011b; Plotnikoff et al., 2008 Plotnikoff et al., , 2014b and only four studies included power calculations details (Boudreau and Godin, 2.014; Gatt and Sammut, 2008; Hardeman et al., 2011b; Plotnikoff et al., 2014a, b) . Although one study did not provide information on power calculation, it used a sub-set sample (n = 93 women only) which was part of a randomised control trial that reported power (Plotnikoff et al., 2014a) . Twelve studies included a validated measure for behaviour. These studies provided the sources and details regarding the reliability of the behaviour assessment. Seven studies reported acceptable reliability for both internal consistency and test-retest reliability for the TPB measures. Table 3 outlines the percentage of explained variance for specific behaviours across study designs. Overall, a wide range of variance was explained for intention (18-76%) and behaviour (8-43%) for all diabetes-related behaviours. Cross-sectional studies presented slightly stronger evidence for intentions (28-76%) compared to prospective design (28-73%) and RCTs (18-63%). The explained variance for all behaviours was 25-36% from cross-sectional; 8-22% from prospective and 18-43% from RCT studies.
Overview of the evidence
Studies describing healthy eating behaviours found 18%-69% of explained variance for intention and 22%-28% for behaviour (Blue, 2007; Chapman et al., 1995; Gucciardi et al., 2007; Lakerveld et al., 2011; White et al., 2010) . For PA studies, 18-73% of variance in intentions and 8%-49% of variance was explained by the TPB (Plotnikoff et al., 2014b) . One cross-sectional study reported explained variance (36%) for self-monitoring of blood glucose (Costa et al., 2012) . The explained variance for diabetes self-care intentions from cross-sectional evidence was (42%-49%) and (25-30%) for behaviour (Didarloo et al., 2012; Gatt and Sammut, 2008) .
Discussion
The objective of this paper was to examine the predictive utility of the TPB variables in populations at-risk (pre-diabetes) and with T2D and included healthy eating or dietary change, physical activity, selfmonitoring of blood glucose and diabetes self-care. The review identified 16 eligible studies. The majority of studies had a high to moderate risk of bias (15 studies) with one study identified as low risk of bias. However, a very limited number of studies reported acceptable Table 3 Explained variance for intentions and behaviours across study design.
Cross-sectional study (n = 7)
Prospective study (n = 6) Randomised controlled trial (n = 3)
Healthy eating (n = 3) 28%-69% -28%-31% 22% 18% 28% Physical activity (n = 8)
28%-6% 6%-30% 28%-31% 8%-22% 18%-63% 18%-3% *Range in % explained variance across different behaviours and study design.
reliability for both internal consistency and test-retest reliability for TPB measures suggesting this may have limited the predictive ability of the TPB measures across the studies in this review Godin, 2009, 2014; Gatt and Sammut, 2008; Plotnikoff et al., 2008) .
Intention as strongest predictor of behaviour
A wide range of explained variance was observed for diabetesrelated behaviours (Table 3) . Of the studies identified in this review, intention emerged as the most predictive construct for all diabetes related-behaviour. The explained variance was stronger for intention (18-76%) compared to behaviour (8-43%) (Table 3) . Previous metaanalyses have demonstrated similar findings for health related behaviours (40-49% for intentions and 26-36% for behaviour) (Armitage and Conner, 2000; Downs and Hausenblas, 2005; McEachan et al., 2011) suggesting that intention is an important mediator for the relationship between the TPB constructs (A, SN and PBC) and behaviour.
TPB constructs predicting intention for different behaviours
The predictive utility of the TPB varied widely for different behaviours and sub-populations. There was inconsistent evidence regarding the most predictive construct for explaining intention across the behaviours.
Heathy eating
The key predictive constructs for dietary behaviour intentions varied and included A (Blue, 2007; White et al., 2010) , SN (Chapman et al., 1995; Lakerveld et al., 2011) , and PBC (Blue, 2007; Gucciardi et al., 2007; Lakerveld et al., 2011; White et al., 2010) . For populations at risk, A and PBC were the strongest predictor (63%) (Blue, 2007) whilst in another study SN and PBC emerged as the strongest correlate for HE intentions (56%) (Lakerveld et al., 2011) . On the other hand, White et al. (2010) reported A and SN to strongly predict intentions to eat foods low in saturated fats (28%) and PBC emerged as the strongest correlate of intention for nutrition adherence (18%) in adults with T2D (Gucciardi et al., 2007) . These findings were less consistent with empirical studies that support A and PBC as strong predictors of intentions for healthy eating in general populations (Conner et al., 2002; Gardner and Hausenblas, 2006) .
Physical activity
For PA studies, A and PBC were significant predictors of intention Godin, 2009, 2014; Davies et al., 2010; Hardeman et al., 2011b; Plotnikoff et al., 2010b) . For example, Boudreau and Godin (2009) found attitudes (A) strongly predict for intentions to be physically active. In a RCT of adults with T2D, PBC emerged as the strongest correlate to intention (Boudreau and Godin, 2014) whereas, SN emerged as the strongest correlate of intention (Plotnikoff et al., 2008) . However, A and PBC were the strongest predictors for intention in adults at risk of diabetes (Hardeman et al., 2011b) .
Diabetes self-care and self-monitoring blood glucose
In a study of women with T2D, self-efficacy was the strongest predictor for diabetes self-care intentions (Didarloo et al., 2012) . Social norms (SN), adherence and partner support strongly correlated with intention to self-monitoring blood glucose for adults with T2D. (Costa et al., 2012) .
Study designs
When comparing results by study design, intention was consistently more predictive for explaining diabetes-related behaviour in cross-sectional studies. Intention also emerged as the most predictive construct for explaining behaviour in prospective and RCT studies. This review reported a greater percentage of explained variance in intention compared to behaviour. The explained variance for PA from cross-sectional evidence was stronger for intentions (60-67%) compared to prospective (31-73%) and RCT (37-63%) studies. Similar findings were observed for HE intentions from cross-sectional (28-69%), prospective (28-31%) and RCT (18%) studies.
Unlike intention predictions, the TPB accounted for greater variance in explaining behaviour from RCT (8-43%) compared to cross-sectional (6-30%) and prospective (8-22%) studies. The explained variance for HE were stronger from RCT (28%) than from prospective (22%) and cross-sectional evidence (6-12%). Similarly, the explained variance from RCT (18-43%) was greater for PA than prospective studies (8-28%). However, individual studies that looked at cross-sectional and prospective analysis in this review contradicted these findings. For example, a study on PA in adults with T2D by Plotnikoff et al (2010b) found 19% of variance from a cross-sectional analysis and 8% of variance from a prospective model. Similar effects were reported for lower variance prediction of prospective studies (McEachan et al., 2011) compared to reviews that included cross-sectional and longitudinal studies (Armitage and Conner, 2001; Hagger et al., 2002) . A metaanalysis of social cognitive theory and PA also found no difference in explained variance between cross-sectional and longitudinal studies on PA behaviour (Young et al., 2014) . Another study of PA with adults reported negligible difference between cross-sectional and longitudinal tests. Furthermore, meta-analysis of prospective studies have shown that study design significantly moderated behavioural effect sizes in their meta-analysis of the TPB, where model with a shorter time frame explained more variance than models using a longer time frame (McEachan et al., 2011) .
These differences between the study designs suggest that methodological factors such as length of follow-up and objective versus selfreported behaviour measures may moderate the effectiveness of the TPB between the studies (Ajzen, 2011b) . For instance, temporal distance between measurement of intentions and observed behaviour were found to be a limiting condition for prospective studies (McEachan et al., 2011) .
The findings also support the argument that the variation in terms of strength predictions between constructs is likely to vary for different behaviours and populations (Ajzen, 2011a) . This suggests that the nature of behaviour may be an important factor in the predictive utility of the TPB (Ajzen, 2011a) . Predicting intentions for specific behaviour and population is important for identifying underlying beliefs (or indirect measures such as behavioural, normative or control beliefs) that distinguish between individuals who perform (or intend to perform) and individuals who do not perform (or intend to perform) the behaviour (s) (Ajzen, 2011a) .
The different predictive strengths further suggest that other mediating variables may account for unexplained variance which would be useful for predicting self-care behaviours in individuals with T2D. Studies that included: perceived risk (Blue, 2007) ; regret (Boudreau and Godin, 2009 ); moral norms Godin, 2009, 2014) ; personality measures (Davies et al., 2010) ; self-efficacy (Didarloo et al., 2012) ; past behaviours and planning (White et al., 2010) ; partner support (Costa et al., 2012) ; and age and gender (Plotnikoff et al., 2014a, b) were considered important mediators for the intentions-behaviour relationship, and added significant explained variance to the model (Plotnikoff et al., 2010b) .
Despite the variability across different behaviours, these findings may provide guidance as to which variables to target when attempting to change different health behaviours, particularly in populations with T2D or pre-diabetes (at-risk) (Jennings et al., 2014; Plotnikoff et al., 2013b; White et al., 2012) . The review of the TPB provides information for choice of interventions to improve self-care or self-management practices and has future implications for use in the development of effective interventions (McEachan et al., 2011) .
Strengths and limitations
Although this study is the first to systematically review the utility of the TPB in populations at-risk (pre-diabetes) and type 2 diabetes, the predictive nature and strength of the TPB determinants were inconclusive across the studies for different diabetes-related behaviours. Separate analyses of populations at risk and those with diabetes may provide a better indication of the differences in the relationship between the TPB variables. When interpreting the findings, limitations must be considered within this research area. A large proportion of variance for behaviour remains unexplained within the TPB studies. Future research to test models which include meditating factors such as psychosocial and ecological (environmental, social, political) variables is required. A majority of the TPB studies reviewed were crosssectional designs. It is important to acknowledge that cross-sectional studies do not include appropriate temporal spacing, which is necessary to determine causality (Ajzen, 2011a) . As such, high quality prospective studies are required to improve understanding of the possible causal associations between the TPB variables and behaviour in populations atrisk of (pre-diabetes) and with T2D. The variability in measurement choice (for both cognitive and behaviour constructs) within each of the reviewed studies compromises the true strength of the TPB to predict behaviour. A majority of the studies in this review employed self-reported measures of behaviour and therefore are likely to have introduced reporting bias. Despite these limitations, this review has several strengths which includes: a comprehensive search strategy across several databases; criteria for assessing study quality adapted from STROBE (von Elm et al., 2007) and CONSORT (Moher et al., 2010) ; a broad range of behaviours related to diabetes-management; and predictive constructs used to explain intentions and behaviours for two specific sub populations.
Future directions
At present, the available evidence for the utility of the TPB for describing intention and behaviours in general and culturally and linguistically diverse (CALD) populations with diabetes or prediabetes is limited. More research is needed in testing models based on psychosocial cognitive variables that explain behavioural intentions and behaviour across different behaviours. There is also a need for more longitudinal studies and/or RCT or intervention studies to examine behaviour change. This has significant implications for developing interventions based on effective diabetes management strategies (Boudreau et al., 2011; Jennings et al., 2014; White et al., 2012) .
Conclusion
This systematic review revealed a wide range of variance in intention (18-76%) and diabetes-related behaviours (8-43%) in populations with T2D and at-risk (pre-diabetes) explained by the TPB. It highlighted the differences in predictive utility the TPB for specific diabetes-related behaviours. The review found the explained variance for PA intentions and behaviour was 18%-76% and 8%-49%, respectively; 18%-69% and 6%-28% of explained variance for HE intention and behaviour; 36% of explained variance for self-monitoring of blood glucose; and 42%-49% and 25-30% of explained variance in intention and behaviour for diabetes self-care. A wide range of explained variance also suggests that the TPB determinants are behaviour specific and depend largely on the target populations. Identifying target specific beliefs based on the predictive TPB determinants are important when designing behavioural interventions for different diabetes populations.
